The aggressive effect of chloride anion in comparison to iodide anion on the pitting corrosion attack of 304 and 304L stainless steel (SS) alloys was investigated by using the cyclic potentiodynamic polarization test at 0.6 M Sodium Halide salts (NaX) solution and different temperatures. The two alloys 304 and 304L SS suffered from severe pitting corrosion at room temperature up to 50˚C in a chloride containing solution with the higher resistance observed for 304L in comparison to the 304 while on pits were detected in iodide solution for both alloys. The pitting potentials of the two alloys in 0.6 M NaCl solution reduced with the increase of the temperature. Examination of the alloys' surfaces was conducted by using the scanning electron microscopes where it revealed that the occurrence of pitting attack seems like hemispherical or irregular pits with different sizes.
Introduction
The iron base alloy such as austenitic stainless steel (SS) with at least 16% Chromium and 6% Nickel referring to a series 300 (e.g., 304, 304L) has been widely used among other SS alloys in various industrial applications. As examples, architecture, food processing, transportation, kitchen equipment etc. However, these alloys suffer from pitting corrosion; a very localized attack (pits) when used in condition of high temperature with acidic solution including halide content and consequently leads to perforation of equipment, contamination and Many studies have been devoted to understand the effect of temperature on the pitting corrosion potential E pit in a solution containing anion [6] [7] [8] . It was revealed that increasing the solutions temperature resulted in reducing protective properties of the passive film formed on these passivated metals as a consequence to increase the reactivity of the aggressive anions. This is in turn, resulted in shifting the E pit towards more active potentials. However, there are a few research conducting the behavior of stainless steel in iodide solution combined with varying of working temperature [8] - [14] , and their studies shows that the higher pitting potential E pit of stainless steel alloys found in the I − and Br − ion compared to lower value in Cl containing solution with the fact that the more strong adsorption ability seem to be less aggressive anion. This study is aimed to investigate the effect of changing temperature (20˚C -50˚C) on the susceptibility of the austenitic stainless steel (grade 304 and 304L)
to the pitting corrosion in iodide containing solution in comparison to chloride anion.
Experimental Procedure
In this study, two types of austenitic stainless steel alloys (304 and 304L) were used. Their chemical compositions are given in Table 1 . Testing specimens were cut from a plate with dimensions of 1.5, 1.5, 0.2 cm and an exposed working area of 1 cm 2 .
The working samples were initially subject to a grinding polishing using a series of abrasive papers starting from 300 grit up to 2000 grit finish until the surface appeared free from scratch. Then, the samples were rinsed by a distilled water, degreased in acetone, and rinsed again in an ethanol and finally dried by a heat gun in air and kept in the desiccators.
The tested solutions were 0.6 M NaCl (35.5 gm in 1 L) and 0.6 M NaI (89.93 gm in 1 L) have been prepared using laboratory grade reagents supplied from Sigma Aldrich by dissolving the required amount in distilled water prior to each experiment. The temperature of the tested solution was controlled by using cooling-heating circulating bath (Germany, HAAKE OOO-3959), the values of the pitting potential E pit as well as the repassivation potential E rep were established using computerized potentiostat, (Mlab 200, Bank Elek. Int., Germany), calomel electrode (SCE) as reference electrode and a platinum rod set as auxiliary electrode. The cyclic polarization curves were done by applying a potential range starting at −400 mV up to 1000 mV with a positive sweep rate of 10 mV/s (SCE) then the potential shifted in the negative (opposite) direction until it contract the upward scan at a repassivation potential.
Finally, the morphology of the surfaces of 304 and 304L specimens were examined using Scanning Electron Microscope (SEM, Hitachi S-4500, Japan) after ending the cyclic polarization test.
Results and Discussion

Effect of Temperature
The effect of varying solutions NaCl and NaI temperature on grades 304 and The chemisorption and diffusion of aggressive ion within the passive film increased at higher temperature leading to make a reduction in the protective properties of the passive film that may contribute in lowering the values of pitting potential. This means that a decrease in the resistance to pitting corrosion occurs as can be shown in Table 2 that the E pit and E rep are depending on the temperature for both alloys [6] [8] [15] .
Reference [13] attributed the reduction in E pit value to the decreased in the level of dissolved oxygen due to increasing temperature, same result were got in this study as linear relationship and appeared in Figure 2 .
The potential area without any risk to pitting corrosion E rep − E corr seems to be detrimental which indicates that 304L SS alloy experience a severe pitting corrosion in the chloride solution compared to 304 SS with no protection potential area. Additionally, the potential area with the risk to pitting attack E pit − E corr and the E pit − E rep difference decreased with increasing of the temperature for both alloys as shown in Figure 3 . The potential difference between E pit and E corr decreased with increasing of the susceptibility to pitting corrosion as a result to the alloy composition relating to their calculated Pitting resistance equivalent number (PREN) values being 20.5 for 304 SS and 21.05 for 304L which proved a higher resistance of 304L to pitting attack as compared to 304 alloy in the chloride solution.
Halide Effect on Pitting Corrosion
As mentioned above that the behavior of the two stainless steel alloys were investigated in sodium iodide and sodium chloride at different working conditions (temperatures) at 0.6 M NaX − . The cyclic polarization curve of 304 and 304L in a solution containing chloride ion shows a clear signal of the pitting corrosion attack represented by the positive hysteresis loop shown in Figure 1 . Figure 4 shows the comparison behavior of the halide ion (Cl − and I − ) on stainless steel 304. A clear positive hysteresis loop were obtained for alloy in NaCl solution , while the behavior of iodide anion shows no sign to pitting corrosion with negative hysteresis loop. Thus, Cl − ions are aggressive enough to attack stainless steel and leads to a localized corrosion (e.g. pitting corrosion) due to small ion radius, which enable it to penetrate the oxide film under high electrical field present through the film as mentioned by researcher [16] [17] [19] . The electrical neutrality and hydrolysis of the corrosion product inside the pit was enhanced by Cl − ion migration cause pH dropped from 6 to 2 (acidification) facilitate the corrosion process as represented by the chemical Equation (1) 
A negative hysteresis loop obtained in iodide solution proved that these alloys in the exposed environmental conditions means do not pit due to increase passive film thickness at higher potential and becomes more protective and this will affect the dissolution rate [21] . 
Morphology of Pitted Surfaces
The surface of the pitted specimens, 304 and 304L SS in halide containing solution were examined by using OPM and SEM. A severe pitting attack can clearly observe from the images shown in Figure 5 high density.
The tested samples in 0.6 M iodide salt solution manifested no sign to pitting corrosion as these results coincide with that obtained from the cyclic polarization curve of the electrochemical test that shows a negative hysteresis loop in iodide medium and can be shown in Figure 6 (SEM images), with no pits can be noticeable for both alloys after the corrosion test, which agreed with that among halide types F − and I − did not exhibit a pitting corrosion tendency [22] , which implies the formation of thickened passive film on the alloys surfaces preventing it from pitting attack.
Conclusions
Two stainless steel 304 and 304L alloys investigated against corrosion in this While no sign to pitting corrosion in iodide solution were observed for both alloys. The pitting potentials of the two alloys in 0.6 M NaCl solution reduced on increasing the temperature. Examination of the pitted surface evinces the occurring of pitting attack to the alloys under investigation in chloride containing solution with hemispherical to irregular pits with different sizes.
